Abstract-We propose a novel semiconductor laser structure. It is composed of three cascaded active sections: a Fabry-Pérot laser section sandwiched between two gain-coupled distributed feedback (DFB) laser sections. We have modeled this multi-section structure. The simulation results show that compared with index-and gain-coupled DFB lasers, a significant reduction in elongitudinal spatial-hole burning can be obtained with the proposed device, and this is what leads to a stable single longitudinal mode operation at relatively high optical power with a SMSR exceeding 56dB.
Multi-section semiconductor lasers have attracted considerable attention because of their unique properties such as a wide wavelength tuning range [1] , high-speed direct modulation [2] , and resulting applications. In recent years, various structures of multi-section laser diodes have been proposed based on monolithic cavity configuration [3] [4] .
In this letter, we propose a multi-section semiconductor laser with a monolithic cavity structure. The schematic representation of the proposed device is shown in Figure  1 . The structure is considered to be a cascade of all-active three-section semiconductor lasers: two DFB lasers with uniform grating and with no-phase shifts at rear and front facets sections and a Fabry-Pérot laser in the middle. All the three sections have the same material and structural parameters (see Table 1 ) with an equal length and also biased with symmetrical driving current. We name this device as the monolithic three active-section (M3-As) laser.
. Schematic representation of a M3-As semiconductor laser.
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The theoretical framework used in our simulation is the one-dimensional Time Domain Travelling Wave (TDTW) model. The time-dependent coupled wave equations for the analysis different types of semiconductor lasers are expressed as follows [5] :
In the above equations, 
e f f n is the effective refractive index, which is given by:
are the spontaneous emission noises which are modeled in calculation by the Gaussian random number generator [7] . The rate equation for the carrier density N is given by [8] :
where () Jt is the injection current, e is the modulus of the electron charge, d is the volume of the active layer, 
, RR are the left and right facet power reflectivities. The TDTW model is solved explicitly in the time domain by using the Finite-Difference Time-Domain (FDTD) method [9] . The DFB lasers used in the M3-As configuration are gain-coupled grating because they show important advantages in terms of modal phase resonance as demonstrated in Fig. 2 . and a gain-coupled DFB laser and a M-3As laser biased at 51.15 mA. The emitted power from each facet for the three devices is respectively: 2.4830 mW, 4.3650 mW, and 5.0556 mW. The spectrum is obtained by applying the Fourier transform on the time samples of an optical field calculated by the TDTW model after the devices reach a steady-state condition [10] . It can be observed that the M3-As laser has the worst side-mode suppression ratio (SMSR). These results suggest that the M3-As laser is not suitable in a low output power range whereas the conventional DFB lasers show better performance. Figure 4 shows the CW spectra of an index-coupled ( 2 L   ) laser, a gain-coupled DFB laser, and a M-3As laser biased at 250.78mA. The average power emitted from each facet for the three devices is respectively 25.4032mW, 34.9140mW, and 37.2348mW. It can be seen that both index-and gain-coupled DFB lasers have similar performance under strong injection current where the spectral linewidth has been drastically broaden and the laser exhibits a multimode operation as a result of strong longitudinal spatial-hole burning in a conventional DFB laser due to the modulation of the active layer refractive index caused by the change of carrier density which produces a dynamic frequency chirp in laser oscillation [11] [12] . In contrary, the M3-As laser generates a single frequency oscillation and excellent wavelength stability at high output power with an improved side mode suppression ration equal to 56.08dB. In order to confirm these results, we plot in Figure 5 the internal spatial distribution of optical intensity inside the laser (cavity) structure. As can be seen in the figure, the optical intensity in index-and gain-coupled DFB lasers builds up to achieve the maximum around the centre of the laser. Therefore, strong longitudinal spatial-hole burning occurs as the electron density decreases with the increase of the refractive index of the active region. On the other hand, it is clear that the M3-As laser has a near flat optical intensity profile; and this uniformity of optical field distribution is achieved by the uncorrugated section which represents the F-P laser section that creates a longitudinal field stop-band profile. This effect results in a significant reduction of longitudinal spatial-hole burning. In summary, we have investigated theoretically the novel structure of a monolithic multi-section semiconductor laser operating around a wavelength of 1550nm. Single-frequency operation for a relatively high output power emission has been successfully achieved. The results suggest that the M3-As laser could be used in applications that require a high output power narrowlinewidth.
